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ABSTRACT
Background and Objective: Chronic pain following musculoskeletal trauma is common, which 
may partially be attributed to the early presence of central sensitisation (CS).  Multiple measures 
are suggested to assess clinical features of CS, yet no systematic review has evaluated the 
measurement properties of these measures in a musculoskeletal trauma population. 
Databases and Data Treatment: This systematic review, which followed a published and 
PROSPERO registered protocol (CRD42018091531), aimed to establish the scope of CS measures 
used within a musculoskeletal trauma population and evaluate their measurement properties. 
Searches were conducted in two stages by two independent reviewers. The Consensus-based 
Standards for the selection of Health Measurement instruments (COSMIN) checklist was used to 
evaluate risk of bias and overall quality was assessed using the modified Grading of 
Recommendations Assessment, Development and Evaluation. 
Results: From 86 studies, 30 different CS outcome measures were identified. Nine studies 
evaluated measurement properties of nine outcome measures; eight evaluated reliability and one 
evaluated construct validity. Measures included seven quantitative sensory testing methods 
(pressure, cold and electrical pain thresholds; warm, cold and vibration detection thresholds; 
vibration perception thresholds), pain drawings and a pinwheel. Risk of bias was assessed as 
doubtful/inadequate for all but one study, overall quality of evidence was low/very low for all 
measures. Reliability of measures ranged from poor to excellent. 
Conclusions: Many measures are used to evaluate CS but with limited established measurement 
properties in musculoskeletal trauma. High quality research to establish measurement properties of 
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Significance: This systematic review is the first two staged review to collate measures 
evaluating central sensitisation within musculoskeletal trauma and evaluate the measurement 
properties of these measures within this population. This review highlights a mismatch 
between measures used and established measurement properties of central sensitisation 
measures within this population. This review is the first step towards a consensus on the most 
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ABSTRACT 
Background and Objective: Chronic pain following musculoskeletal trauma is common, 
which may partially be attributed to the early presence of central sensitisation (CS).  Multiple 
measures are suggested to assess clinical features of CS, yet no systematic review has 
evaluated the measurement properties of these measures in a musculoskeletal trauma 
population.  
Databases and Data Treatment: This systematic review, which followed a published and 
PROSPERO registered protocol (CRD42018091531), aimed to establish the scope of CS 
measures used within a musculoskeletal trauma population and evaluate their measurement 
properties. Searches were conducted in two stages by two independent reviewers. The 
Consensus-based Standards for the selection of Health Measurement instruments (COSMIN) 
checklist was used to evaluate risk of bias and overall quality was assessed using the 
modified Grading of Recommendations Assessment, Development and Evaluation.  
Results: From 86 studies, 30 different CS outcome measures were identified. Nine studies 
evaluated measurement properties of nine outcome measures; eight evaluated reliability and 
one evaluated construct validity. Measures included seven quantitative sensory testing 
methods (pressure, cold and electrical pain thresholds; warm, cold and vibration detection 
thresholds; vibration perception thresholds), pain drawings and a pinwheel. Risk of bias was 
assessed as doubtful/inadequate for all but one study, overall quality of evidence was 
low/very low for all measures. Reliability of measures ranged from poor to excellent.  
Conclusions: Many measures are used to evaluate CS but with limited established 
measurement properties in musculoskeletal trauma. High quality research to establish 
measurement properties of CS outcome measures is required. 
 
INTRODUCTION 
Chronic pain and poorer recovery are common following musculoskeletal trauma 
(Carroll et al., 2008; Rivara et al., 2008; Williamson et al., 2009). In chronic whiplash 
associated disorders (WAD), poorer outcome is linked to early widespread sensitisation 
(Sterling et al., 2003; Van Oosterwijck et al., 2013; Walton et al., 2011b), and following 
fractures, widespread pain distribution is evident soon after injury (Doménech-García et al., 
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and Arendt-Nielsen 2010; Katz and Seltzer 2009), hypersensitivity of the central nervous 
system or central sensitisation (CS) could occur in this population.  
 CS is defined as “increased responsiveness of nociceptive neurons in the central 
nervous system to their normal or subthreshold afferent input” (IASP 2017). CS can be 
generated and maintained by peripheral or central mechanisms, or a combination of both 
(Harte et al., 2018). This differs from the original definition of ‘activity dependant CS’ where 
changes occurred within the dorsal horn following a noxious peripheral stimulus (Woolf 
2018). Multiple mechanisms including altered descending pain modulation, altered sensory 
processing within the brain, increase in glial activity and synaptic plasticity in spinal cord and 
cortex are suggested (Latremoliere and Woolf 2009; Nijs et al., 2019). Assessment of CS is 
challenging and clinical features of CS are often the focus due to the multiple mechanisms at 
play. Clinical features can include widespread pain, allodynia and secondary hyperalgesia 
(Latremoliere and Woolf 2009; Woolf 2011). However, assessing clinical features has its 
limitations in that this only can be suggestive of CS rather than a true diagnosis.  
 With complexity around CS, no gold standard measure exists (Neblett 2018). Multiple 
suggested methods to assess the features of CS include patient reported outcome measures 
(PROMS) such as the Central Sensitisation Inventory (Neblett 2018), Quantitative Sensory 
Testing (QST) (Cruz-Almeida and Fillingim 2014) and pain drawings to assess for 
widespread pain (Williams 2018).  
 Established measurement properties are required for outcome measures to avoid bias 
and to allow confidence in the research findings (Mokkink et al., 2010a). The Consensus-
based Standards for the selection of Health Measurement instruments (COSMIN) initiative 
developed a consensus-based taxonomy of measurement properties to help improve the 
selection of outcome measures within health research (Mokkink et al., 2010b). Guidelines 
and a new tool to assess risk of bias for systematic reviews has been developed by COMSIN 
(Prinsen et al., 2018).  
 Previous systematic reviews summarising features of CS and outcome measurements 
used in WAD (Van Oosterwijck et al., 2013), and peripheral joint pain (Alqarni et al., 2018). 
highlight a wide range of outcome measures currently being utilised, particularly QST. 
Systematic reviews evaluating reliability of specific outcome measures such as thermal 
testing, (Moloney et al., 2012) and conditioned pain modulation (Kennedy et al., 2016) have 
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measure CS and their measurement properties within musculoskeletal trauma more generally 
to include other patient subgroups such as fractures and more major injuries. A systematic 
review is needed to synthesise current measures used within musculoskeletal trauma to allow 
a standardised approach and evaluate whether these measures have established measurement 
properties within musculoskeletal trauma populations. Therefore, the aims of this systematic 
review are: 
1. Identify what outcome measures are used within musculoskeletal trauma research to 
evaluate presence of CS  
2. Investigate whether current CS outcome measures used in musculoskeletal trauma 
research have established measurement properties.  
LITERATURE SEARCH METHODS 
Protocol and Registration 
This systematic review followed a pre-defined published protocol (Middlebrook et al., 
2019) which was prospectively registered with PROSPERO (CRD42018091531), and is 
reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-




 Adults (aged >16 years) who experienced any type of musculoskeletal trauma were 
eligible. This included any musculoskeletal structure involved in a traumatic injury (Clay et 
al., 2010) and was inclusive of subgroups of traumatic injuries, including WAD, fracture, 
traumatic injuries involving amputation and gunshot or stab wounds. This definition of 
musculoskeletal trauma was carefully considered and pre-defined within our published 
protocol (Middlebrook et al., 2019), in the effort to be inclusive of all types of trauma in 
keeping with current management pathways within the United Kingdom (NICE 2018). For 
studies with a mixed population e.g. musculoskeletal trauma and traumatic brain injuries, the 
sample must have included more than 90% musculoskeletal trauma; a threshold adopted in 
previous systematic reviews within major musculoskeletal trauma (Clay et al., 2010; Clay et 
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Studies 
 Any study design apart from case studies, literature and systematic reviews were 
included. For any conference abstracts identified, authors were contacted to confirm whether 
the study had been published.  No restriction on length of studies, time points or setting of 
study was observed.  
Outcome Measures 
 Any outcome measure evaluating CS was included. A pre-defined criteria for defining 
CS was defined in the review protocol (Middlebrook et al., 2019). In brief, articles were 
included if they made reference to sensitisation of the central nervous system or reference to 
symptoms of sensitisation such as secondary hyperalgesia. Outcome measures could include 
any patient reported outcome measures designed to assess CS, performance-based measures 
such as QST or any measure used to evaluate symptoms of CS such as a pain drawing to 
measure widespread pain. This criterion was based on current literature and previous 
systematic reviews in this area of CS research (Clark et al., 2017; Fingleton et al., 2015; 
Latremoliere and Woolf 2009; Nijs et al., 2014; Vardeh et al., 2016; Woolf 2011).  
Measurement Properties 
 Any domain or measurement property included in the COSMIN Taxonomy was 
included (Mokkink et al., 2018a; Mokkink et al., 2010b). The COSMIN taxonomy 
encompasses three main domains - reliability, validity and responsiveness, with each domain 
containing one or more measurement properties (Mokkink et al., 2010b).   
Exclusion Criteria 
 Studies which investigated populations including traumatic brain injury, burns or 
neurological injury were excluded since established PROMs already exist for these 
subgroups. Studies where the full text was not written in English were excluded.  
Information Sources 
Two searches were conducted in this review: Stage 1 (inception to 23
rd
 November 2018) 
and Stage 2 (inception to 21
st
 July 2019). The following databases were included for both 
stages of the review: 
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- Hand Searching of key journals (Musculoskeletal Science and Practice, PAIN, 
European Journal of Pain, The Journal of Pain, The Clinical Journal of Pain) 
- Grey literature searches including British National Bibliography, Open Grey, 
ProQuest, and EThOS. 
- Leading authors in the field were contacted to ensure most up to date articles were 
obtained.  
Search Strategy 
 This review was conducted in two stages: 
1. Initial search (Stage 1) to identify the current CS measures used in the 
musculoskeletal trauma population.  
2. Secondary search (Stage 2) to identify studies evaluating measurement properties of 
the measures identified in stage 1.  
An example of the search strategy for MEDLINE for both stages can be found in the 
published protocol (Middlebrook et al., 2019). This search strategy was adapted for each 
database to allow for database search term variation.  
Study Selection 
 For both stages two independent reviewers (Stage 1 NM/PK, Stage 2 NM/DA) 
searched information sources and reviewed titles and abstracts to evaluate whether articles 
were include/exclude/unsure based on the pre-defined eligibility criteria. Full text was sought 
for any articles which could not be excluded based on information in the abstract. Full text 
screening was conducted in the same independent manner. Articles were included if both 
reviewers agreed on eligibility. A third reviewer (AR, methodological expert) was consulted 
in the event of disagreement throughout the stages of the review. Authors were contacted if 
full texts were unavailable or, if further clarification was required on the study population. In 
the situation of two failed attempts to contact authors, an article was excluded.  
Data collection process   
 Two reviewers (NM/DA) extracted data for both stages of the review using a 
standardised form. Authors were contacted if further information was required. The same 
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Data Items 
 Extracted data items from included studies for both review aims included study 
characteristics (study design, sample size, country of study), participant characteristics (age, 
gender, type and mechanism of trauma, duration of symptoms) and outcome measures (CS 
outcome measures and other outcome measures used). For stage two, additional data items 
specific to measurement properties were extracted including: time points, measurement 
property, statistical analyses and results.   
Risk of bias in individual studies 
 The COSMIN Risk of Bias Checklist for systematic reviews (Mokkink et al., 2018a) 
was used to assess risk of bias in individual studies. The new COSMIN risk of bias checklist 
was used in this review, which was originally designed for PROMs.  However, it is 
recommended that the tool can be adapted for other measures (Prinsen et al., 2018), and a 
pilot was conducted prior to the review to test the tool’s suitability. Two reviewers (NM/DA) 
independently assessed risk of bias. The third reviewer (AR) was available in an event of 
disagreement between reviewers.  
Summary Measures 
 For reliability statistics including intraclass correlation coefficients (ICCs) and Kappa 
coefficients, results and confidence intervals (95% CIs) are presented where possible. 
Synthesis of results 
 Due to the heterogeneity of the studies (study population, outcome measures, data 
analysis), meta-analysis was not possible and therefore a narrative synthesis was conducted. 
Narrative synthesis was completed in line with the COSMIN guidelines for systematic 
reviews (Mokkink et al., 2018b). The COSMIN Risk of Bias checklist was completed and 
results of the studies was rated against the pre-defined criteria by COSMIN for good 
measurement properties (Mokkink et al., 2018b; Prinsen et al., 2018). The studies were then 
synthesised per outcome measure and per measurement property, and then rated overall 
against the criteria for good measurement properties (Mokkink et al., 2018b). Overall quality 
of evidence was then assessed using the modified Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach (Prinsen et al., 2018). The modified 
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GRADE factors: risk of bias, inconsistency, imprecision and indirectness (Prinsen et al., 
2018). Inclusion of publication bias is not appropriate for this type of systematic review due 




 Fig. 1 summarises the articles included at each stage of the review. A total of 3330 
articles were screened at title and abstract, with 142 assessed at full text stage. A total of 104 
articles met the eligibility criteria. Twenty articles were identified in which the same 
dataset(s) of other articles identified eligible was used, with authors being contacted for 
further clarification when required, and subsequently excluded if the same dataset was used. 
However, two articles (Coppieters et al., 2017; Ris et al., 2018) used different outcome 
measures for CS and were therefore included.  A total of 86 studies were included. Fig. 1 
summarises the reasons for exclusion at full text stage. 
FIGURE 1 INSERTED HERE 
Stage 2 
Fig. 2 summarises the articles included at each stage of the review. A total of 12,114 
articles were screened at title and abstract stage, with 125 assessed at full text stage. For 29 
articles, the population was unclear on whether it included more than 90% musculoskeletal 
trauma. Therefore, authors were contacted for further information. Of these 29, seven authors 
did not respond (Biurrun Manresa et al., 2011; Margolis et al., 1988; Margolis et al., 1986; 
Myburgh et al., 2011; O'Neill et al., 2014; Reigo et al., 1998; Vuilleumier et al., 2015), and 
for one article, the authors were not contactable (Cummings and Routan 1987). Therefore, we 
were unable to confirm the population for these articles and subsequently excluded them.  In 
the instance where a conference abstract only was identified (n=6), authors were contacted to 
confirm if a full text was available. Three  authors were not contactable (Christiansen et al., 
2017; Cummings and Routon 1985; Fricton and Schiffman 1986), and one did not respond 
(Starz et al., 1995) and were therefore excluded. Two full texts were not available, and 
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1977) and they were not included. A total of nine studies were included, with Fig. 2 
summarising the reasons for exclusion for the remaining studies.   
FIGURE 2 INSERTED HERE 
Study Characteristics  
Stage 1 
 A summary of the CS measures used in all of the included studies is reported in Table 
S1. From the 30 different measures reported, three subcategories were derived - QST, 
PROMS and other.  QST was the most frequently used of the subcategories. The most 
frequently used measurement of CS overall was pressure pain thresholds (PPT) using a 
handheld algometer (n=62). Cold pain thresholds (CPT) was the second most common 
method (n=32). Populations studied included, WAD (n=74), fractures (n=6), soft tissue 
injuries (n=2), foot and ankle trauma (n=1) and traumatic amputation (n=1).  Descriptive data 
for the included studies for stage 1 can be found in Table S2.  
Stage 2 
 Tables 1 and 2 summarise the study characteristics and results of the included nine 
studies. Six studies investigated a WAD population (Bock et al., 2005; Käll et al., 2008; 
Prushansky et al., 2007; Rushton et al., 2014; Southerst et al., 2013; Tyros et al., 2016). The 
remaining three studies investigated fractured wrists (Saebo et al., 2019), complex regional 
pain syndrome, (Kemler et al., 2000) and a mixed cohort of neck and shoulder pain (Bertilson 
et al., 2003). For the studies which evaluated complex regional pain syndrome and a mixed 
cohort of neck and shoulder pain, authors were contacted and they confirmed that their cohort 
included more than 90% musculoskeletal trauma and therefore were included in the review.  
Eight studies investigated reliability (Bertilson et al., 2003; Bock et al., 2005; Käll et al., 
2008; Kemler et al., 2000; Prushansky et al., 2007; Saebo et al., 2019; Southerst et al., 2013; 
Tyros et al., 2016), one investigated validity (Rushton et al., 2014) and no studies evaluated 
responsiveness. CS measures investigated were pressure pain thresholds, (Prushansky et al., 
2007; Saebo et al., 2019) pinwheel to evaluate allodynia and sensitivity to pain, (Bertilson et 
al., 2003; Bock et al., 2005) vibration perception (Rushton et al., 2014) and disappearance 
thresholds, (Rushton et al., 2014; Tyros et al., 2016) electrical pain thresholds, (Käll et al., 
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(Rushton et al., 2014) and pain drawings to evaluate widespread pain/distribution (Southerst 
et al., 2013).  
Risk of Bias in individual and across studies 
 Table 3 summarises the risk of bias for individual studies categorised per outcome 
measure and measurement property. Overall, the risk of bias of individual studies across the 
modalities was rated as doubtful or inadequate. Risk of bias/overall quality across studies is 
summarised in table 3. Overall all outcome measures were rated as low or very low. 
Results of Individual Studies 
 Table 2 summarises the measurement property, methodology statistical measures and 
results of individual studies.  
TABLE 1 AND 2 HERE 
Synthesis of Results 
Validity 
No studies were identified which evaluated content validity or criterion validity, with 
just one study focused on construct validity (Rushton et al., 2014).  
Construct Validity 
 One study evaluated discriminative validity (subgroup of construct validity) (Rushton 
et al., 2014), assessing whether sensory evaluation (vibration perception and detection 
thresholds and cold pain thresholds) could discriminate between WAD and control 
participants. Results were that vibration detection and CPT were not supported in 
identification of WAD. Individual risk of bias was rated as very good and indeterminate for 
the COSMIN good criteria for good measurement properties. Overall, low quality evidence 
supports that sensory evaluation cannot discriminate between WAD and control participants.  
Reliability and Measurement Error 
Cold and Warm Detection Thresholds 
 One study evaluated intra-rater reliability of cold and warm detection thresholds using 
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lower limb sites compared to upper limb sites. This study was rated as inadequate for risk of 
bias, and indeterminate on the COSMIN criteria for good measurement properties due to the 
statistical measures used. Very low-quality evidence overall indicates very little confidence in 
the reliability estimate of both cold and warm detection thresholds within a musculoskeletal 
trauma population. No studies evaluated measurement error for both of these outcome 
measures. 
Electrical Pain Thresholds 
 One study evaluated intra-rater reliability of electrical pain thresholds using a new 
device called the Pain Matcher (Cefar Medical AB, Lund, Sweden) (Käll et al., 2008). 
Overall conclusions reported some systematic differences between scores in both sessions. 
Risk of bias was rated as inadequate with a rating of indeterminate on the COSMIN criteria 
for good measurement properties due to statistical methods used. Overall, very low-quality 
evidence indicates very little confidence in the reliability estimate of electrical pain 
thresholds using this particular device within a musculoskeletal trauma population. No 
studies were identified for measurement error with this outcome measure.  
Pain Distribution 
 One study evaluated inter-rater and inter-method (paper vs electronic) reliability of 
pain distribution using pain drawings with overall conclusions reported as good to excellent 
reliability for both inter-rater and inter-method reliability (Southerst et al., 2013). Risk of bias 
was rated doubtful, inter-rater rated as sufficient and inter-method rated as insufficient on the 
COSMIN criteria for good measurement properties. Very low overall quality indicates very 
little confidence in the reliability estimate of pain drawings either inter-rater or inter-method 
within the musculoskeletal trauma population.  
 Measurement error was evaluated in the same study with results summarised in table 
2 (Southerst et al., 2013). Risk of bias was rated as doubtful, with the COSMIN criteria for 
good measurement properties rated as indeterminate. The very-low overall quality indicates 
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 Two studies evaluated inter-rater reliability for the pinwheel (Wartenberg Pinwheel) 
(Bock et al., 2005), the other study did not state type of pinwheel (Bertilson et al., 2003). One 
reported evaluating specifically allodynia (Bock et al., 2005) with the other study reported 
evaluating sensitivity to pain (Bertilson et al., 2003). Although different wording to report 
methods was used within studies, methodology for both studies was deemed similar whereby 
a ‘response’ from the participant was sought, therefore results from the studies were 
narratively synthesised. Both studies reported good (Bock et al., 2005) and adequate 
reliability (Bertilson et al., 2003). The overall agreement was reported in one study (Bertilson 
et al., 2003) with >80% agreement between raters. Risk of bias was rated as doubtful for both 
studies (Bertilson et al., 2003; Bock et al., 2005). One study was rated sufficient (Bock et al., 
2005) and one insufficient (Bertilson et al., 2003) on the COSMIN criteria for good 
measurement properties.  Low overall quality for the pinwheel indicates limited confidence in 
the reliability of the pinwheel within the musculoskeletal trauma population.  
 The same studies investigated measurement error (Bertilson et al., 2003; Bock et al., 
2005).  For risk of bias, one study was rated doubtful (Bertilson et al., 2003), and one 
inadequate (Bock et al., 2005).  Both studies were rated indeterminate for the COSMIN 
criteria for good measurement properties. Low overall quality indicates limited confidence in 
measurement error estimate for the pinwheel within the musculoskeletal trauma population 
was rated as low.  
Pressure Pain Threshold 
 Two studies evaluated intra and inter-rater reliability of PPT, both reporting adequate 
reliability. Both used a handheld algometer (Somedic type II, Sweden) for testing. Risk of 
bias was rated inadequate (Prushansky et al., 2007) and doubtful (Saebo et al., 2019) for both 
intra and inter-rater reliability. For intra-rater reliability, with one study was rated sufficient 
(Prushansky et al., 2007) and one insufficient (Saebo et al., 2019) on the COSMIN criteria for 
good measurement properties with both studies rating sufficient for inter-rater reliability 
(Prushansky et al., 2007; Saebo et al., 2019). Very low overall quality for both intra and inter-
rater reliability for PPT indicates very limited confidence in the reliability estimate within the 
musculoskeletal trauma population  
 The same studies investigated measurement error (Prushansky et al., 2007; Saebo et 
al., 2019), with results summarised in table 2. For risk of bias one study was rated inadequate 
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studies were rated as indeterminate for the COSMIN criteria for good measurement 
properties. Very low overall quality indicates very little confidence in measurement error 
estimates within the musculoskeletal trauma population.   
 
Vibration detection Thresholds 
 One study evaluated intra and inter-rater reliability of vibration detection thresholds 
using a 128Hz tuning fork (Ragg Gardiner Brown Co) (Tyros et al., 2016). Overall 
conclusions were reported as excellent intra and inter-rater reliability. Risk of bias was rated 
as doubtful and a rating of sufficient for COSMIN criteria for good measurement properties. 
Very low overall quality indicates very little confidence in the reliability estimate for 
vibration detection thresholds within the musculoskeletal trauma population. 
 Measurement error was calculated in the same study including limits of agreement 
using Bland Altman plots, and standard error of measurement (Tyros et al., 2016). Risk of 
bias was rated as doubtful, and COSMIN criteria for good measurement properties rated as 
indeterminate. Very low overall quality indicates very little confidence in the measurement 
error of vibration detection thresholds within the musculoskeletal trauma population.  
Responsiveness 
 No studies were identified which evaluated responsiveness.  
TABLE 3 HERE 
 
DISCUSSION AND CONCLUSIONS 
 This systematic review is the first to synthesise and evaluate outcome measures of CS 
and their measurement properties applied in a musculoskeletal trauma population. Stage one 
of this review identified 30 measures were used to evaluate CS within musculoskeletal 
trauma, with the majority of the research identified in populations involving WAD. The high 
number of outcome measures used in studies to evaluate CS in this population highlights the 
lack of gold standard and consensus in the literature on the most optimal outcome measure(s) 
for CS. Furthermore, it highlights the complexity of the concept of CS in that no measure can 
fully assess CS but assess clinical features such as widespread pain or secondary 
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explain why multiple outcome measures which have been suggested to assess clinical 
features of CS e.g. QST (Cruz-Almeida and Fillingim 2014) were used in this population. A 
consensus of the most ‘optimal’ outcome measure(s) to use to detect CS would be useful in 
future research to allow a more standardised approach in assessing clinical features of CS. 
However, the current understanding of CS acknowledges that there are multiple mechanisms 
both peripherally and centrally which can trigger and then maintain CS (Nijs et al., 2019). 
Therefore, one measure or even multiple measures assessing features of CS may not be 
adequate to give a detailed understanding of the patient’s presentation, and thus are a 
limitation when assessing CS.    
Stage two of this systematic review evaluated measurement properties of the 
measures identified from stage one. From the 30 measures, measurement properties were 
evaluated in nine measures specifically in musculoskeletal trauma. Reliability was evaluated 
in seven measures – cold, warm and vibration detection thresholds, electrical and pressure 
pain thresholds, pain distribution and the pinwheel. Measurement error was evaluated in PPT, 
pain distribution and the pinwheel. Validity was evaluated in vibration disappearance and 
detection thresholds and CPT. No study evaluated responsiveness. PPT, the most common 
method found to evaluate CS, only had two studies evaluating the reliability specifically in 
patients following musculoskeletal trauma (Prushansky et al., 2007; Saebo et al., 2019), and 
CPT, the second most common method was only used within one validity study (Rushton et 
al., 2014). Other common outcome measures identified, such as heat pain thresholds, brachial 
plexus provocation test, temporal summation and central pain modulation, no studies were 
found evaluating measurement properties in people with musculoskeletal trauma.  
 Risk of bias for all studies were rated as doubtful or inadequate apart from the one 
study which assessed construct validity which was rated as very good. For reliability and 
measurement error, overall quality was rated as very low for all outcome measures apart from 
the pinwheel which was rated as low. For validity, despite individual methodological quality 
being rated as very good, overall quality was low being downgraded due to imprecision 
because of low sample size numbers. Low sample size, inconsistency between study results 
and low methodological quality was a contributing factor to low quality for reliability and 
measurement error.  
 From the results of this review, it is hard to make conclusions of the most appropriate 
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studies. However, a body of research exists with established measurement properties 
particularly reliability within healthy volunteers or other musculoskeletal conditions for 
multiple CS outcome measures. Examples include PPT for healthy participants (Chesterton et 
al., 2007), healthy and acute neck pain participants (Walton et al., 2011a), and knee 
osteoarthritis (Wylde et al., 2011), central sensitisation index for chronic musculoskeletal 
conditions (Scerbo et al., 2018), and temporal summation for healthy participants (Graven-
Nielsen et al., 2015; Kong et al., 2013). This has often been used as justification to use and 
translate measures into other populations. However, with the exception of the central 
sensitisation index, the risk of bias and overall quality of these studies has not been evaluated 
within a review. Of the reviews which do exist for reliability of thermal QST (Moloney et al., 
2012) and central pain modulation (Kennedy et al., 2016), the methodological quality was 
variable with both reviews highlighting issues of poor reporting of blinding of raters and 
randomisation, and variable statistical analyses used.    
 This review echoes issues highlighted in previous systematic reviews in that all 
studies included in this review were found to have doubtful or inadequate risk of bias, with 
overall quality for each measure being low or very low. For individual risk of bias, 
reoccurring themes in all reliability studies was firstly around the reporting of methods e.g. 
explicit reporting of participants being stable between sessions, and the environment being 
similar for each session. Secondly, the time between testing sessions was variable ranging 
from less than a few minutes to a month. COSMIN recommends for PROMS a gap of two 
weeks is adequate to prevent recall bias, (Mokkink et al., 2018b) with Sim and Wright (2000) 
suggesting time between measurements should be large enough to ensure the measures are 
independent and not influenced by recall of the participant or rater, or the previous 
measurement. Therefore, with the nature of the measures being evaluated in this review i.e. 
sensory changes, a time lapse of less than five minutes could be argued to be insufficient to 
allow any washout period and recall from the participant. Furthermore, the variations 
observed in protocols of assessing clinical features of CS could potentially affect the validity 
and reliability and therefore the ability in drawing overall conclusions of the most appropriate 
measure in assessing clinical features of CS. Variations in protocols were also observed in 
studies in stage 1 of the review, highlighting again the lack of consistency in both measures 
and testing protocols when evaluating features of CS, which again could affect validity and 
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 A challenge in this review was around wording and statistical measures used to 
evaluate reliability and measurement error, in keeping with previous systematic reviews 
(Kennedy et al., 2016; Moloney et al., 2012). COSMIN recommend intra-class correlation 
coefficients for continuous scores and kappa coefficient statistics for dichotomous/nominal 
and ordinal scores when assessing reliability, (Mokkink et al., 2018b; Sim and Wright 2000) 
yet in some studies this was not conducted. Therefore, although some studies reported ‘good 
reliability’, overall conclusions about specific measures were difficult since inappropriate 
statistical analyses were used in the original studies. Additionally, the wording around 
reliability was challenging with multiple terms such as reproducibility, repeatability and 
relationship used interchangeably with reliability. This review used the COSMIN definitions 
and terms of measurement properties in an attempt to standardise the reporting, but it is clear 
further standardisation is needed in reporting reliability more generally. 
Strengths and Limitations  
This is the first review to evaluate CS outcome measures and their measurement 
properties within musculoskeletal trauma. This review followed a published protocol which 
was registered on PROSPERO, with a pre-defined comprehensive search strategy. Adopting 
a two-stage search approach allowed a comprehensive search to be conducted to identify all 
measures used within this population of interest. All stages of this review were conducted by 
two reviewers independently to limit any potential bias. Furthermore, steps were taken to 
ensure all authors were contacted where the population did not clearly state if the cohort had 
more than 90% musculoskeletal trauma.   
 Some limitations are recognised. In both stages, studies were excluded since they 
were not published in English (three articles in stage one and five articles in stage two). 
Therefore, it is possible that some articles evaluating CS measures were not included. 
Furthermore, despite efforts to clarify details to inform eligibility, a number of authors did 
not respond or could confirm the cohort included more than 90% musculoskeletal trauma. 
However, it is doubtful the overall conclusions of this review would have changed if further 
articles had been included. Due to the heterogeneity of the data, a meta-analysis was not 
possible thus a narrative review was conducted to summarise the findings. This coupled with 
the low quality of the included studies, made discussion and conclusions challenging.  
Finally, a high number of studies within stage 1 of the review were of the WAD 
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ensure all relevant articles across musculoskeletal trauma were included in addition to hand 
searching of key journals and grey literature. We are confident that all relevant articles have 
been included in this review, and this review highlights the small number of studies in other 
types of trauma.   
Future implications 
 This review has highlighted two main issues:  
1. There is a range of outcome measures being used to assess CS in the musculoskeletal 
trauma population, highlighting the complexity around CS and the evolving nature 
and understanding of this concept. Whilst this review does not suggest there is or 
should be one superior measure to use for evaluation of CS, further work towards a 
consensus on the most appropriate measures to assess CS within musculoskeletal 
trauma is needed.  
2. There are a lack of studies evaluating measurement properties of CS measures within 
musculoskeletal trauma, and of those which have been identified, good individual 
methodological quality is limited with overall low quality. Further studies are 
warranted for multiple CS outcome measures taking into consideration consistency of 
terms e.g. reliability vs reproducibility, high quality methodology including 
appropriate statistical measures and adequate time between measurements.  
Conclusion  
 This systematic review has identified a range of outcome measures used in 
musculoskeletal trauma to evaluate CS, with the majority of CS research conducted within 
the WAD population. Nine measures were identified with evaluated measurement properties 
within a musculoskeletal trauma population. Risk of bias for all studies apart from one 
evaluating construct validity was doubtful or inadequate, and overall quality was rated low or 
very low for all outcome measures and measurement properties. Conclusions about the 
reliability of various measures was difficult due to the wide variety of results, methods and 
sites tested. Further research is required to establish measurement properties within this 
population as well as to achieve consensus on the most appropriate measures to evaluate CS.  
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Table 1. Study characteristics of included studies in stage two  
Study Country Study Design Sample Size Participant 
Characteristics 




Sweden Clinical Trial  n=100 Age: Mean (range) 
Without history: 42.7 (18-
66) 
With history: 43.5 (25-66) 
 
Gender: M/F 
Group 1: 20/30 





Not reported 5 days-60 years Sensitivity to 
Pain - pinwheel 




n=22 Age: Mean (SD), range 








0.25-1.25 years Allodynia - 
Wartenberg 
pinwheel 
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Kemler et al., 
(2000) 












syndrome type I 
– confirmed 
90% caused by 
trauma by 
author 






Israel Not reported n=21 Age: Mean (SD), range 








6-132 months Pressure pain 
thresholds 








Age: Median (IRQ), range 
Whiplash 28.5 (12.8), 20-
Whiplash II 
 


























Saebo et al., 
(2019) 
Norway Cross sectional n=75 Age Mean (SD), range 
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Not reported >6 months Vibration 
disappearance 
threshold 
F, Female; IRQ, Interquartile Range; M, Male; MOD, mechanism of injury SD, Standard Deviation; RCT, Randomised Controlled Trial 
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Upper arm (C5) 
Thumb (C6) 
Middle finger (C7) 









Without history: 81% 
With history: 84% 
Kappa coefficient (SD): 
Without history 0.57 (0.12) 
With history 0.67 (0.11) 















Same day testing 
 
Time interval: 
within 5 minutes 
processes 0.8039 (0.7465,0.8163) 











Time Interval: 5 
minutes  
1 group Device placed 
between right 









RV (SE, 95% CI): 
0.10 (0.06, 0.00,0.22) 
RC (SE, 95% CI) 
0.07 (0.06, 0.18, 0.05) 
RP (SE, 95% CI) 
0.16 (0.05, 0.25, -0.07) 
 














either foot or 
hand. 
 






Cold perception threshold 
MLE 
Unaffected wrist 0.8 
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MLE & MLI.  
Unaffected foot 4.1 
Affected foot 5.8 
MLI 
Unaffected wrist 2.3 
Affected wrist 3.7 
Unaffected foot 5.3 
Affected foot 3.4 
 
Warm detection Threshold 
MLE 
Unaffected wrist 1.0 
Affected wrist 2.0 
Unaffected foot 5.4 
Affected foot 4.2 
MLI 
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Affected wrist 5.0 
Unaffected foot 2.9 









Inter rater: same 
day 
Time interval: 
15 minutes  
 
Intra-rater: 
Mean (SD) 7.9 
(1.9) days after 
test 1  
















C2 R=0.76 L=0.78 
C4 R=0.83 L=0.85 
C6 R=0.82 L=0.81 
ICC  
C2 R=0.85 L=0.86 
C4 R=0.9 L=0.91 
C6 R=0.9 L=0.89 
SEM/SRD (kPa) 
C2 R=15.3/42.4 L=14.5/40.2 
C4 R=17.6/48.7 L=16.7/46.3 
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Inter-rater (ICC) 
C2 R=0.88 L=0.97 
C4 R=0.90 L=0.93 
C6 R=0.97 L=0.96 

















metacarpal and  









Moderate association of vibration threshold and 
local sites  
Moderate to very high association between CPT 
and thenar eminence  
VT or CPT at thenar eminence discriminated 




VT 4.311 (8, .828) 
CPT 3.432 (8, .904) 




3 raters (A, B, 
C) 
1 group Dorsal side of 
radius, mid position 
perpendicular to 
healing fracture 
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Same day  
 
Time Interval: 3-
5 minutes  
line. Mimicked 
position on injured 
side  
ICC (3,1) (95% CI) 
 
MDC 
=0.824 (0.735,0.885). MDC=63.3 
Rater B ICC(1,1)= 0.640 (0.444,0.778) 
ICC(3,1)=0.636 (0.437,0.776). MDC=138.5 
Rater C ICC(1,1)= 0.860 (0.711, 0.935) 
ICC(3,1)=0.855 (0.698,0.933). MDC=78.9 
Non-Injured Wrist 
Rater A ICC(1,1)=0.765 (0.653,0.845) 
ICC(3,1)=0.776 (0.640,0.868). MDC=98.8 
Rater B ICC(1,1)=0.667 (0.480,0.796) 
ICC(3,1)=0.669 (0.482,0.798). MDC=162.8 
Rater C ICC(1,1)=0.843 (0.679,0.927) 
ICC(3,1)=0.841 (0.672,0.927). MDC=86.5 
Inter Rater 
Injured Wrist 
Rater A-B ICC(1,1)=0.617 (0.413,0.763) 
ICC(3,1)=0.778 (0.640,0.868). MDC=120.1 
Rater A-C ICC(1,1)=0.706 (0.443, 0.858) 
ICC(3,1)=0.737 (0.488,0.875). MDC=111.8 
Non Injured Wrist 
Rater A-B ICC(1,1)=0.551 (0.326, 0.717) 
ICC(3,1)=0.585 (0.369,0.741). MDC=157.7 
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1 group N/A ICC(2,1) (95% CI) 
 
LOA using Bland 
Altman Plots 
Inter-rater 
Paper version ICC (CI) = 0.925 (0.901,0.946) 
Electronic version ICC (CI) = 0.997 (0.995,0.998) 
Mean difference and LOA: 
Paper version: -0.56 +/- 6.5% 
Electronic version: -1.18 +/- 7.8% 
Inter-method  
Examiner 1 ICC=0.63 (0.54,0.72) 
Examiner 2 ICC=0.90 (0.87,0.93) 
Mean difference and LOA: -Examiner 1 0.51 +/- 
11.7% 
Examiner 2 0.19 +/- 13.3% 











Rater 1 ICC=0.972 
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Time Interval: 1 
minute between 
3 measurements 




LOA using Bland 
Altman Plots 
Inter-rater: 
ICC=0.983 (0.971, 0.991) 
SEM 0.358 
True SEM 0.702 
LOA Upper limit 4.415. Lower Limit -2.899 
C, Cervical; CI, Confidence Interval; CPT, Cold Pain Threshold; df; degrees of freedom for wald test, ICC, Intraclass correlation coefficient; LOA, Limits of Agreement; L, 
lumbar; MDC, Minimal Detectable Change; MLE, method of levels; MLI, method of limits; SE, Standard Error; SEM, Standard Error of Measurement; SRD, Smallest Real 
Difference; T, thoracic; VT, Vibration threshold 
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